Several theories have been proposed to account for the high frequency of alloreactive T lymphocytes (1) (2) (3) (4) . None of these theories involves alloantigen itself as a possible stimulus because this is thought to be "forbidden" for genetic reasons. Tumor cells, on the other hand, have been reported to express alloantigens, or at least antigens very similar to normal transplantation antigens from other strains of the species (for reviews see refs. 5 and 6). This suggested that the genes for alloantigens of a species are not distributed within the cells of individual members as alleles but as genes (7) , the majority of which would be normally not expressed and silent. A derepression mechanism could be postulated to activate such genes in tumor cells (8) (9) (10) or even in normal cells as a result of occasiohal error or disturbance in gene regulation. Derepressed H-2 transplantation antigens on normal cells would be difficult to detect because their frequency is expected to be low and also because they would be recognized by the immune system as "not self" and eliminated. Tumor cells that express H-2 like alloantigens may eventually escape immune destruction and grow out and thus are a powerful cell source for structural, functional, and genetic studies on these antigens.
We recently reported about a sarcoma of BALB/c (H-2d) mice, MCG4, which expresses foreign H-2-like molecules (10) (11) (12) (13) . This tumor, which had been newly induced by methylcholanthrene and adapted to the ascites form, reacted with monoclonal BALB/c hybridoma-derived anti-H-2k antibodies (12) and induced in BALB/c mice strong anti-H-2k isoantibodies (13) . The foreign H-2k-like molecules on the tumor were recognized as targets by alloreactive cytolytic T lymphocytes (CTL) and as restricting elements by virus-specific CTL (14) . Now 51Cr Release Cytotoxicity Test. This 4-hr assay was performed as described (15) .
RESULTS
Primary Induction in Vitro of Anti-Tumor CTL Activity. When spleen cells from normal BALB/c mice were cocultured in vitro for 5 days with mitomycin C-treated BALB/c-derived MCG4 tumor cells, high anti-tumor cytolytic activity was generated. This could be detected in a 4-hr 5lCr-release assay (Fig. 1) chemicals (Meth.A, ULMC), tumor viruses (LSTRA, YC8), or irradiation (RLd1) ( Table 1A) . Allogeneic normal cells, however, such as lymphoblasts from H-2k strain mice, were lysed by these H-2d-derived anti-tumor CTL (see Table 1 "Cold" Target Competition Analysis. In order to test whether the MCG4-induced CTL that reacted with allogeneic cells were the same as those that reacted with the tumor, "cold" target competition experiments were performed (see Fig. 2 ). Secondary BALB/c anti-MCG4 CTL were tested against 51Cr-labeled ("hot") MCG4 cells in the absence or presence of different numbers of nonlabeled ("cold") MCG4 tumor cells or allogeneic Con A blasts. Strong inhibition was observed with either MCG4 tumor cells or B1O.BR (H-2k) Con A blasts. Lymphoblasts expressing H-2d or H-2b antigens did not lead to competitive inhibition ( Fig. 2A) . Within the anti-MCG4 CTL two populations with different target cell specificity could be distinguished when either B1O.A (expressing H.2Kk) or C3H.OH (expressing H-2Dk) Con A blasts were used as "hot" target cells (Fig. 2B) . In both instances "cold" MCG4 tumor cells caused strong inhibition, but each of the targets was inhibited only by the corresponding "cold" target. When Con A blasts from B1O.A(5R) (expressing Kb molecules) were used as "hot" targets, not only MCG4 and the corresponding "cold" targets [B1O.A(5R)] but also Con A blasts expressing H-2Kk and H-2Dk molecules caused inhibition (Fig. 2D) . Similar results were obtained when anti-MCG4 CTL were tested against "hot" H-2b (B10), H-2S (B1O.S), or H-2f (A.CA) target cells (data not shown). Taken together, these data indicate that BALB/c anti-MCG4 CTL contain predominantly anti-H-2k (anti-Kk and anti-Dk) reactive cells. Reactivity with normal cells from other haplotypes was not seen in "cold" target competition assays with MCG4 as "hot" target ( Fig. 2A) To test this, we investigated the anti-tumor response of BALB/c X BlO.BR mice in comparison to that of the two H-2 congenic strains BALB/c X B1O.D2 and BALB/c X B1O. Spleen cells from MCG4-immunized mice were cultured for 4 days with or without mitomycin-treated MCG4 tumor cells and then tested for cytotoxic activity against MCG4 or Con A blasts from B1O.D2, BlO.BR, or B10 mice. As illustrated in Fig. 3 , this genetic approach allowed the distinction of three different anti-MCG4 CTL populations, those from BALB/c X B1O.BR reacting with MCG4 only (Fig. 3B) , those from BALB/c X BiO reacting with MCG4 and H-2k but not H-2b targets (Fig. 3C) , and those from BALB/c X B1O.D2 reacting with MCG4, H-2k, and H-2b target cells (Fig. 3A) . "Cold" to "hot" target cell ratio DISCUSSION The major findings of this report are the following: A chemically induced tumor from BALB/c (H-2d) mice, MCG4, is shown to induce in BALB/c lymphocytes a strong primary CTL response. These anti-tumor CTL could be induced as in the allogeneic mixed lymphocyte reaction (17) by culturing normal lymphocytes with the tumor for 5 days. The killer cells reacted specifically with the tumor and with normal allogeneic cells expressing distinct H-2 alloantigens. A detailed analysis of the tumor cells revealed that they express H-2K and H-2D type molecules that are antigenically not of the host type H-2d but rather of the apparently foreign haplotype H-2k. The evidence for this and the biological implications of these findings will be the subject of this discussion.
Anti-MCG4 CTL contained different alloreactive T cell clones, mainly anti-Kk and anti-Dk reactive ones. These could be distinguished by "cold" target competition analysis using MCG4 tumor cells and Con A blasts of different H-2 types as radioactively labeled targets and as "cold" target competitor cells (Fig. 2) . The expression of Kklilke and Dk-like alloantigens on MCG4 was confirmed by a typing analysis with alloreactive CTL (14) . In addition, MCG4 expresses antigens that are not crossreactive with normal H-2k or H-2b alloantigens and that can induce CTL in H-2d X H-2k hybrid mice (Fig. 3) . Whether these antigens represent tumor-specific antigens distinct from H-2 alloantigens is not known at present. BALB/c anti-MCG4 CTL also reacted with cells of H-2b (Figs. 2D and SA) , H-2S, or H-2f haplotypes (Table 1) . A recent analysis of cloned MCG4 tumor lines revealed that the original tumor cell population was heterogenous with regard to expression of H-2 antigens, which could explain the above results (unpublished data). With regard to expression of H-2k-like antigens, the results presented could be reproduced with the MCG4-A clone 52. This cell line induced in BALB/c T cells anti-KKk and anti-Dk CTL reactivity, reacted with anti-H-2 sera directed against the private specificities of H-2Kk and H-2Dk, and expressed K and D end H-2 molecules that could be precipitated with BALB/c anti-MCG4 isoantiserum (unpublished results). Concomitant with the appearance of apparently foreign H-2 molecules was the loss or the reduced expression of H-2d type (self) molecules as revealed by immunochemical and cellular immunological analysis (see for instance the reaction with CBA anti-BALB/c CTL in Fig.  1 ; the reactivity with C57BL/6 anti-BALB/c CTL could be due to public determinants shared with H-2k).
The alloantigens on MCG4-A appeared antigenically and functionally so similar to normal H-2Kk and H-2Dk antigens hypothesis of H-2 genes (7-10). We are aware, however, that Radbruch, Cologne, West Germany. It revealed a normal the exact chemical nature and genetic basis of the H-2-like aldiploid genotype with two chromosomes 17, the chromosomes loantigens on our tumor cells remains to be elucidated. that carry the genes of the H-2 complex.
It is difficult to estimate how frequently tumor cells may
It is known from studies with F1 hybrids that the H-2 genes express H-2-like alloantigens, but similar findings have been from both parental chromosomes are usually codominantly reported from chemically induced (18, 19) , virus-induced (20, expressed on the cell surface. If this is the case also for MCG4 21) , and spontaneous tumors of AKR (22) , SJL (23, 24 ) and other tumor cells, then any theory on the changes in H-2 antigen strains of mice (25) . It is interesting to notice that on several expression by these cells has to explain the disappearance of occasions the tumor cells seemed to express new H-2K-like and H-2Kd and H-2Dd molecules coded for by four genes on two H-2D-like molecules of the same foreign haplotype (18, 25) . identical chromosomes and the appearance of two new H-2 if the genetic information for H-2 alloantigens exists within the molecules (K and D), both of which belong to one particular genome of each cell of the mouse, we have to assume that alforeign H-2 haplotype. The apparent genetic linkage between loantigens can also become expressed occasionally on normal the new K and D molecules suggests a genetic rather than an cells. The recent observation that H-2 alloantisera can be raised epigenetic mechanism as the basis for the observed changes in occasionally in individual mice by immunization with syn-
